* 


tin  research 

INSTITUTE 


The  Spectrographic  Analysis  g 
of  Tin  and 
Tin-Lead  Solders 


EjGja3Sasa§9a3Sa333333Sa9aaa3a999935iiaS9aaj! 

S  ■  03 

El  BJ 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
El 
El 
El 
3 
3 
3 
3 


3 

El 

3 

El 

3 

3 

3 

3 

3 

El 

El 

El 


El 

El 

3 

3 

3 

§1 

El  TAO 
El 


by 

D.  M.  SMITH,  A.R.C.S.,  B.Sc., 
D.I.C.,  F.Inst.P. 


El 

a 

3 

a 

3 

3 

3 

3 

a 

a 

3 

a 

a 

a 

a 

a 

i 


aaaaaaaaaaaaaaaaaasaaaaaaaaaaaaaaaaaasaa 


'"T“,HE  Tin  Research  Institute  is  controlled  and  supported  by  the 
A  International  Tin  Research  and  Development  Council,  which 
consists  of  delegates  appointed  by  various  Governments  to  represent 
Tin  Producers  in  the  Belgian  Congo,  Bolivia,  British  Malaya,  the-, 
Netherlands  East  Indies,  Nigeria  and  French  Indo-China. 

The  researches  of  the  Institute  are  directed  to  develop  the  use  of 
Tin  and  are  based  on  scientific  study  of  the  metal,  its  alloys  and 
compounds  and  of  industrial  processes  which  use  Tin  or  may  provide 
future  markets. 

The  library  contains  a  wide  iange  of  up-to-date  information,  and 
technical  experts  are  available  for  consultation  and  practical  assistance, 
either  in  the  laboratories  or  at  users’  works. 


Inquiries  are  welcomed  and  no  charge 
is  made  for  information  or  assistance 


Headquarters  and  Laboratories: 

Great  Britain 

Tin  Research  Institute, 
Fraser  Road,  Greenford, 
Middlesex, 

England. 


Technical  Representation  in: 

United  States  of  America 

Battelle  Memorial  Institute, 
505  King  Avenue, 
Columbus, 
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Double  cropping  means  the  taking  of  an  extra  crop  after  one  main  crop  has 
been  harvested  and  theie  is  time  enough  towards  the  sowing  of  the  next.  The 
climatic  conditions  in  our  country  largely  favour  the  adoption  of  this  practice 
which  holds  out  great  promise  of  increasing  our  food  production.  Double  Cro¬ 
pping  attempts  to  bring  to  the  fore  the  advantages  as  well  as  possibilities  of  the 
double  cropping  practice  under  our  various  soil  and  climatic  conditions.  The 
results  indicated  in  the  Review,  which  has  been  specifically  written  for  all  those 
engaged  in  research  and  extension  work  in  the  field  of  agriculture,  are  based  on 
the  research  thus  far  done  in  India  in  this  field. 


General  Editor  :  D.  Raghavan 
Technical  Editor  :  P.  Kachroo 
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I. 


INTRODUC  riON 


\  LTHOUGH  the  climatic  conditions  in  most  parts  of  India 
favour  the  growing  of  more  than  one  crop,  these  are  not  taken 
advantage  of  and  one-season  cropping  is  generally  the  rule.  1  h.us,  the 
resources  of  the  essential  factors  of  production  are  wasted.  It  is 
possible  to  adoph  the  double  cropping  practice  on  soils  of  medium  to 
high  fer  ility  if  an  assured  water  supply  or  rainfall  is  available  during 
both  the  seasons.  However,  the  subsidiary  crops  following  the  main 
ones  should  1  e  such  as  would  maintain  the  soil  in  condition.  In  the 
nature  of  things,  they  have  to  be  catch  crops.  These  may  be  winter 
catch  crops  or  summer  catch  crops  and  also  act  as  cover  crops.  Idle 
cover  crops  are  usuall  complementary  to  the  grain  or  cash  crops  and 
help  to:  (a)  control  erosion,  (b)  maintain  or  improve  soil  tilth 
(c)  eliminate  diseases  and  pests,  s(d)  reduce  weeding  cost,  and 
(e)  enrich  the  soil  with  nitrogen  if  they  are  legurms. 

In  India,  there  arc  three  main  cereal  crops,  viz.,  i  iec,  millets  and 
wheat.  Their  production  is  confined  to  specifi:  regions,  depending 
upon  the  annual  precipitation  or  availability  of  iriigation.  They 
occupy  one  season  only.  In  the  case  of  mi  lets,  the  second  season  is 
occasionally  devoted  to  a  crop  sown  mixed  with  them  and  harvested 
either  along  with  them  or  a  few  months  afeer.  In  the  rice  tracts,  some 
area  is  subsequently  sown  widi  legumes.  Rut  by  and  large  the  rice 
and  wheat  tracts  are  left  fallow  respectively  in  the  tabi  and  kharij 
seasons  The  possibilities  of  double  cropping  in  these  two  tracts  are 
quite  substantial. 
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II.  SOIL  CONDITION 

The  suitability  of  various  crops  to  soil  types  may  be  showns) 
under : 

Light  sands 

Gram  (Cicer  arietinum ) 

Horse  gram  ( Dolichos  bi Jlorus ) 

Barley  ( Hordeum  vulgare ) 

Groundnut  ( Arachis  hypogaea) 

Kodra  ( Paspalum  scorbiculatum ) 

Sweet  potatoes  ( Ipomoea  batatas ) 

Ragi  ( Elusive  coracana ) 

Val  ( Dolichos  lablab) 

Peas  ( Pisan  sativum  and  P.  arvense ) 

Bajri  (, Pennisetum  typhoideum ) 

Arliar  ( Cajanus  cajan ) 

Cowpeas  ( Vigna  catjang) 

Loams 

Oilseeds 

Wheat  ( Triticum  vulgare ) 

Jowar  ( Sorghum  vulgare) 

Gingil  ( Sesamum  orientale) 

Maize  (Zea  mays ) 

Arhar  ( Cajanus  cajan) 

Cotton  ( Gossypium  sp.J 
Potatoes  (Solanum  tuberosum) 

Tobacco  ( Nicotiana  sp.) 

Clovers  ( Trifolium  sp.  Alelilolus  s p.) 

Sugarcane  ( Saccharum  officinarum 
Rice  ( Oryga  saliva) 

Heavy  clays 

Jute  ( Corchorus  sp.) 

Market  crops 
Grasslands 

In  double  cropping,  the  combination  of  crops  is  generally 
patterned  according  to  their  suitability  to  the  soil  condition.  But  other 
factors  also  play  a  very  important  role,  particularly  the  availability  of 
soil  moisture  for  the  catch  crops  in  the  drier  season  and  fertilizer 
application  to  the  preceding  crops.  It  is  only  in  the  loam  and  heavier 
loam  soils,  which  have  a  high  moisture  retentive  capacity,  that  double 
cropping  largely  proves  successful. 


III.  SUMMER  CATCH  AND  COVER  CROPS 

r-pHE  rabi  crops  in  most  parts  of  India  are  usually  harvested  by  the 
1  end  of  April.  When  it  is  the  intention  to  take  the  rabi  crop  only 
they  are  not  immediately  followed  by  a  catch  crop  of  a  fodder  or 
a  short-season  legume  or  vegetable  crop,  under  irrigation.  The  land 
is  thus  left  fallow  right  up  to  the  break  of  the  monsoon,  and  the  pre¬ 
paration  of  the  land  is  deferred  until  the  soil  gets  moist  enough. 
Unless  the  soil  is  protected  by  pukka  bunds  all  round  the  fallow  ?ield, 
heavy  erosion  takes  place  On  a  gentle  slope,  as  much  as  three  to  five 
tons  of  the  ve:y  rich  topsoil  may  be  lost.  To  prevent  this  enormous 
waste,  a  summer  catch  crop,  with  the  purpose  of  serving  as  a  cox  ei 
crop,  should  take  the  place  of  fallow.  Described  below  are  some 
suitable  crops  from  this  point  of  view. 

Cowpeas.  It  is  a  leguminous  crop  which  does  not  exhaust  the 
nitrogen  of  the  soil  much.  The  fodder  and  grain  yields  of  this  crop 
as  obtained  during  1940  to  1948  are  given  in  Table  I. 

Table  I.  Fodder  and  grain  yields  of  cowpeas  during 

1940-1948 


Fodder 

• 

Grain 

Crop  duration 

Average 

vield/acre 

Crop  duration 

Average 

yield/acre 

in  days 

in  ml. 

in  divs 

i  i  md. 

85.0T6.26 

Ib2.72±  10.86 

130.2±9.25 

8.S6±1.75 

It  is  seen  that  the  fodder  yield  of  about  100  maun  is  is  obtained 
within  about  85  days.  The  plants  provide  a  complete  cover  for  the 
soil.  If  raised  for  grain,  cowpeas  cannot  be  succeeded  by  a  main  rabi 
cereal  as  they  exhaust  the  soil  ofthe  moisture.  Trials  at  Coimbatore 
have  shown  that  cowpeas  seem  to  do  good  to  rainfed  cholam,  but  not 
Cambodia  cotton. 


Moong.  It  is  another  crop  that  can  be  successfully  employed 
as  cover  and  cash  crop  in  double  cropping.  In  1945,  when  sown  on 
July  20  and  harvested  on  October  24,  it  yielded  92.5  maunds  of 
gieen  fodder  and  could  be  followed  by  a  wheat  crop  yielding  20.5 
maunds  per  acre.  In  Uttar  Pradesh,  the  Moong  Type  1  matures  in  Go 
day8  and  is  harvested  in  the  first  week  ofSeptember;  that  leaves  enough 
time  for  the  preparation  of  the  field  for  the  next  rabi  crop.  By  fis 
uxurious  growth,  it  prevents  erosion  by  covering  the  land  and  builds 
up  sufficient  reserves  for  the  succeeding  crop.  This  type  yields  about 
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six  maunds  of  grain  and  3,000  pounds  of  green  matter  per  acre  which 
readily  decomposes  in  the  soil  when  turned  under  and  adds  about  40 
pounds  of  nitrogen  for  the  use  of  the  succeeding  wheat  crop.  It  is 
estimated  that  by  double  cropping  with  moong  on  medium  fertile  lands 
a  farmer  is  able  to  obtain  an  additional  outturn  of  about  ten  maunds 
of  both  moong  and  wheat. 

Grid.  It  is  another  short-duration  crop  suitable  as  a  catch-cnm- 
cover  crop.  It  takes  about  three  months  to  get  ready  as  pulse.  It  is, 
therefore,  less  suitable  for  areas  where  rains  usually  cease  early 
and  wheat  has  to  be  followed  early  in  the  season.  The  crop  yields 
about  five  maunds  of  grain  per  acre,  the  yie’d  of  fodder  after  75  days 
is  usually  about  G5  to  70  maunds.  In  Orissa  in  the  Mahanadi  delta 
areas,  the  farmers  usually  seed  it  after  paddy  where  adequate  irriga¬ 
tion  is  available  and  the  crop  can  be  well  protected  against  the  ravages 
of  stray  cattle. 

Groundnut.  It  is  both  a  cover  and  cash  crop  in  several  parts  of 
India  where  the  rainfall  is  more  assured.  The  rotation  experiments 
started  in  1945  in  Madras  State  and  concluded  in  1950  indicated  that 
the  crops  succeeding  groundnut,  namely,  cholam  and  varagu,  on  dry 
land,  for  all  the  five  years,  were  benefited.  Regarding  the  effect  of 
preceding  cereal  crop  on  groundnut,  the  data  proved  inconclusive. 

The  results  of  the  double  cropping  experiment  at  Guntur  in 
1938-39  are  given  in  Table  II. 


Table  II.  Double  cropping  results  showing  yields 

IN  LB.  PER  ACRE 


Yield 

Signifi¬ 
cance 
by  the 
‘F’ 
test 

Item 

After 

ground¬ 

nut 

After  Af'.er 

korra  sajje 

After 

fodder 

jonna 

Gen¬ 

eral 

mean 

C.  D. 
at 

5  ’o 

Dry  leaf  yield  of 
tobacco 

3,592 

3,672  3,628 

2,152 

3,160 

Yes 

844 

Dry  weight  of  chillies 

39 

27  34 

29 

33 

No 

... 

Grain  yield  of  piara 
jonna 

334 

173  269 

160 

238 

Yes 

90 

The  yields  tobacco,  chillies  and  jonna  were  substantially  greater 
after  groundnut,  korra  and  sajje  than  after  fodder  jonna. 

The  balance  sheet  of  the  above  double  cropping  experiment  is 

given  in  Table  III. 

The  above  results  conclusively  prove  that  in  double  cropping, 
groundnut  is  a  valuable  cover  crop  preceding  the  autumn  crop  grown 
principally  by  utilizing  the  north-east  monsoon. 


Table  III.  Balance  sheet  of  this  1938-39  double  cropping  experiment 


Crop 

Valuation 

After 

groundnut 

After 

sajje 

After 

fodder 

jonna 

After 

korra 

Rs.  nP. 

Rs.  nP. 

Rs.  nP. 

Rs.  nP. 

Tobacco 

Value  of  produce  per  acre  at 
Rs.  6  per  500  lb.  green 
leaf 

43.00 

39.00 

25.50 

43.50 

Chillies* 

Value  of  dry  fruits  at 
Rs.  3-8-0  per  md. 

2.44 

2.12 

1.81 

1.69 

Piara  jonna 

Value  of  grain  only  at  30  lb. 
per  Re.  I 

11.50 

9.00 

5.75 

5.37 

♦  The  yields  were  low  owing  to  a  S3 v are  thrlps  attack  and  unfavourable  seasonal 
conditions. 

In  the  dry  farming  area  of  Andhra  Pradesh  (Rayalaseema  tract), 
the  dibbling  Sorghum  seed  between  the  rows  of  groundnut  in  furrows 
opened  by  the  country  plough  is  successful  only  if  the  rains  are 
received  in  time  ;  otherwise,  the  groundnut  crop  establishes  itself 
and  does  not  allow  the  Sorghum  to  come  up.  Experiments  conducted 
from  1934-35  to  1937-:, 8  with  groundnut  and  millet  mixture  ( Sorghum 
and  Setana )  have  shown  that  three  lines  of  Sorghum  with  one  line  of 
gioundnut  (bunch  type)  and  one  line  of  Set  aria  with  four  lines  of 
groundnut  give  the  maximum  profit. 

In  Mysoi e  State,  early  maturing  varieties  have  been  introduced 
into  cultivation  to  make  it  feasible  to  follow  groundnut  by  a  second 
ciop  of  hoise  gram  or  late-season  jola.  In  the  irrigated  tracts,  the 
long-season  groundnut  crop  is  rotated  with  ragi.  Under  conditions 
of  gaiden  cultivation,  irrigated  groundnut  is  rotated  with  rice. 

In  the  Punjab,  in  the  Ludhiana  tract,  barley  and  wheat 
invariably  follow  groundnut.  If  the  late  rains  are  inadequate,  barley 
succeeds,  otherwise  wheat  occupies  the  land.  The  average  yield  of 
these  crops  is  seldom  less  than  15  maunds  per  acre.  The  yield 
depresses  very  much  when  the  rabi  crops  follow  jowar,  bay  a  or  maize 
The  groundnut  occupies  the  field  from  July  to  October  and  gives  very 
highly  remunerative  yields  of  12  to  15  maunds  of  dry  nuts  per  acre 
Double  cropping  of  groundnut  and  a  winter  cereal  is  also  becoming 
popular  in  certain  parts  of  Uttar  Pradesh.  5 


IV.  MONSOON  MIXED  COVER  CROPS 
j^jTXED  cropping  in  the  monsoon  season  is  practised  with  the 
four-fold  object  of  (a)  preventing  soil  erosion,  (b)  utilizing 
the  inter-tilled  space,  (c)  reducing  the  cost  of  inter-tilling  and 
obtaining  of  monetary  return,  and  (d)  making  use  of  the  conserved 
moisture  of  the  deeper  layers  after  harvesting  the  kharif  cereal  or 
cotton  crop. 

Among  the  mixed  crops,  combinations  with  jowar  and  'bajri  are 
more  common  than  with  maize  when  raised  for  grain.  In  northern 
India,  arhar  is  the  principal  companion  crop  to  jowar.  The  average 
yield  of  such  an  arhar  crop  is  about  12  maunds  per  acre.  The 
advantage  of  the  subsoil  conserved  moisture  is  taken  by  this  crop 
which  has  a  deep  tap  root  system.  It  enriches  the  soil  by  its  con¬ 
tinuous  leaf-fall  and  nitrogen  release  from  the  nodules.  A  mixture  of 
bajri  and  arhar  is  usually  grown  in  North  Gujarat.  The  bajri  is 
harvested  in  October  and  arhar  stands  over  until  March  April. 

In  some  parts  of  Uttar  Pradesh,  Bihar  and  Madhya  Pradesh, 
rnoong  and  arid  are  sown  mixed  with  the  jowar  crop  on  lighter  types 
of  soils  In  southern  India,  moong  (green  gram),  red  gram  and  nr  id 
(black  gram)  are  commonly  sown  mixed  with  bajri ,  kodra  and  ragi, 
particularly  in  the  drier  parts  of  Madras,  Mysore,  Andhra  and 
Maharashtra  States.  As  winter  rains  are  seldom  received  in  north 
and  south  Gujarat,  mixed  sowing  of  arhar  or  castor  in  rows  about 
eight  and  ten  feet  apart  is  practised.  In  rotation  experiments  with 
various  combinations  of  cereals  and  pulses  carried  out  in  Madras 
State  a  combination  of  the  pure  cumbu  crop  followed  by  horse  gram, 
and  of  red  gram  mixed  with  ragi  followed  by  horse  gram,  gave  the 
maximum  out-turn  per  acre  without  any  significant  difference 
between  them. 

In  Mysore,  groundnut  is  cropped  mixed  with  jola,  castor,  sajje 
or  tagare  and  cotton.  Short-duration,  erect  varieties  are  preferred 
for  mixed  cropping.  Mixed  cropping  of  ragi  with  field  bean  ( Dolichos 
lablab )  is  also  a  common  practice,  and  yields  an  extra  return  of  about 
100  to  1/30  pounds  over  and  above  the  550  pounds  grain  yield  of  ragi 
raised  alone,  as  is  evident  from  the  data  given  in  Table  IV. 

In  Bengal,  jute,  sometimes  mixed-cropped,  is  sown  with  atnan 
paddy.  When  rice  is  a  subordinate  crop  and  is  raised  on  dry  land, 
it  is  usual  to  mix  it  with  a  kharif  cereal  or  pidse.  The  variety  of  rice 
used  is  a  hardy  type  that  can  withstand  the  drought. 

Italian  millet  is  perhaps  the  most  important  of  the  mixed  crops 
grown  as  companion  to  short-staple  cotton.  Among  the  pulses, 
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Taele  IV-  Results  of  mixed  cropping  of  grain  (in  pounds  per  acre) 


Yields  for  different  years 

Average  for 
four  years 

Crops 

1915 

1916 

1917 

1918 

Ragi  pure 

440 

675 

850 

314 

570 

Ragi  mixed 

1 

ragi 

325 

805 

780 

120 

508 

with  field 

bean  and 

1 

> 

i 

Dolichos 

lablab 

77 

121 

40 

.. 

60 

Jowar 

i 

j 

jowar 

142 

152 

52 

88 

109 

horse  gram  is  common  in  Mysore,  matki  in  the  Surat  tract,  green 
gram,  black  gram  and  red  gram  in  Madras  State  and  green  gram 
and  black  gram  in  Maharashtra  (Deccan)  and  Madhya  Pradesh.  In 
the  States,  groundnut  as  a  mixed  crop  is  becoming  very  common.  At 
Guntur,  cotton  and  groundnut  mixture  gave  the  highest  monetary 
return.  At  Nandyal,  mixtures  between  Sorghum  and  black  gram, 
green  gram  or  horse  gram,  showed  that  the  mixture  of  Sorghum  and 
horse  gram  gave  the  maximum  out-turn.  At  Palur,  groundnut  inter- 
planted  in  ragi  proved  to  be  most  advantageous. 


V.  WINTER-CATCH  CROPS 

THE  value  of  some  of  the  crops  which  can  profitably  follow  the 
main  monsoon  crop  are  given  below. 

Rice.  A  second  ciop  of  paddy  is  commonly  raised  in  deltas  of  the 
Godavari,  Krishna  and  Cauvery  and  in  other  areas  with  supply  of 
irrigation  from  hill  streams.  Except  for  the  deep  water  paddy  or 
high  land  paddy  grown  in  West  Bengal  and  Assam,  paddy  usually 
f ol.ows  paddy.  1  he  yield  of  this  crop  when  intensively  manured 
a\  eiages  1,000  to  1,100  pounds  per  acre.  In  northern  India,  the 
second  crop  has  not  succeeded  very  much.  In  parts  of  Orissa,  the 
piactice  of  raising  a  second  crop  by  manuring  appears  to  have 
bright  chances  of  success.  Experiments  at  the  Central  Rice  Reseaich 
Institute,  Cuttak,  have  yielded  remunerative  returns. 

I'otatoes.  In  the  Nilgiris  and  in  parts  of  Malabar,  a  second 
crop  of  potato  is  raised  by  heavy  manuring.  An  average  yield  of 
about  150  maunds  can  be  obtained  by  applying  heavy  doses  of 
manure  while  the  main  crop  averages  about  250  maunds  per  acre. 

Horse  gram  (Dolichos  bijloms) .  It  is  the  most  extensively  grown 
pulse  crop  in  southern  India.  It  will  be  considered  a  very  droughty 
year  if  it  is  not  possible  to  raise  horse  gram  as  a  second  crop.  In  a 
good  crop  season,  horse  gram  yields  up  to  600  pounds  per  acre,  but 
the  average  yield  approximates  about  300  pounds.  It  is  one  of  the 
most  important  crops  which  should  be  popularized  for  double  crop¬ 
ping  in  the  lands  where  a  crop  of  bajri,  ragi,  jewar  or  a  lesser  millets 
had  been  raised  and  is  lifted  early  to  take  in  this  crop.  It  follows  gin, Hi 
in  Mysore,  parts  of  Maharashtra  (Deccan)  and  the  Nandyal  district 
of  Madras  State. 

Gram.  In  northern  India,  on  light  soils;  gram  is  the  only  suita¬ 
ble  crop  that  can  be  raised  on  lesidual  moisture  after  the  fodder 
has  been  harvested.  It  should  preferably  follow  bajra  or  jovoar  whether 
these  have  been  raised  as  cereals  or  as  fodder  crops.  In  years  of  in¬ 
adequate  rainfall  or  a  ^eak  late  monsoon,  gram  is  broadcast  on 
paddy  lands  to  raise  the  second  crop.  Experiments  at  the  Agricul¬ 
tural  Research  substatio  Karnal,  have  conclusively  shown  that  the 
principal  crop  benefits  much  more  if  gram,  rather  than  any  other 
legume,  is  sown  in  rotation  with  paddy.  The  results  are  summarized 
in  Table  V. 

Of  all  the  legumes,  the  gram  crop  enriched  the  land  better  than 
any  other  legume. 

Peas.  Under  wet  condition  paddy  lands  or  in  moist  soils,  the 
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Table  V.  Mean  yield  of  paddy  in  different  rotations 
(Grain  yield  md./acre) 


Crop  rotations 


Gram- 

paddy 

Peas- 

paddy 

Methra- 

paddy 

Berseem- 

Paddy 

Senji- 

paddy 

Shaft  al- 
paddy 

31.78 

23.1 

25.3 

25.7 

25.6 

31.0 

pea  crop  yields  more  than  gram.  Where  an  irrigation  can  be  provi¬ 
ded  or  winter  rains  are  sure,  it  gives  a  heavy  out-turn.  The  results  of 
a  few  years  of  cropping  at  the  Indian  Agricultural  Research  Institute, 
New  Delhi,  are  given  in  Table  YI. 

Table  VI.  Performance  of  peas  from  1941-42  to  1946-47 


Mean  date  of  sowing 

Mean  date  of  harvesting 

Mean  yield  md./acre 

16th  November 

26th  March 

19.03  ±1.77 

Thus,  an  average  yield  of  19.3  maunds  per  acre  was  realized  from 
this  crop  over  a  period  of  five  years.  Most  of  the  pea  crop  was  sown 
after  jowar  for  fodder.  The  yields  were  above  25  maunds  when  the 
crop  was  preceded  by  fallow  or  cowpeas.  It  rarely  required  an  irri¬ 
gation.  When  sown  late  in  November  and  December,  it  gave  quite 
a  good  out-turn.  Compared  to  gram,  peas  suffer  less  from  blight  or 
the  wilt  disease. 

Khesari  (Lathyrus  sativus).  It  is  the  most  common  second  crop 
taken  after  rice  in  Bengal,  parts  of  Orissa  and  Bihar.  At  the  Indian 
Agricultural  Research  Institute,  New  Delhi,  It  was  tried  in  three  sea¬ 
sons.  The  results  are  given  in  Table  VII. 

Table  VII.  Performance  of  khesari  during  three  years 


Mean  date  0  f  sowing 


Mean  dite  of  harvesting 


Mean  yield  md./acre 


21st  November 


5th  May 


9.7  ±2697 


i^athyrus.  It  does  well  on  residual  moisture  of  paddy  lands.  It 

can  be  sown  fairly  late  in  November.  Its  yield  is  high  in  the  wetter 
sections  of  the  country. 

Lentil.  On  dry  light  soils  and  in  mountainous  and  sub-mountai¬ 
nous  legions,  it  usually  follows  the  maize  crop.  It  can  stand  frost 
without  any  damage.  A  snowfall  unless  followed  by  very  severe 
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frost,  is  beneficial  to  its  growth.  The  out-turns  average  seven  to  eight 
maunds  per  acre  on  light  lands  where  peas  will  not  do  well.  Its  straw 
is  relished  very  much  by  cattle. 

Clovers.  These  are  grown  for  fodder  and  not  for  grain.  Senji 
( Melilotus  parvi flora)  when  undersown  in  cotton  and  maize  crops,  is 
harvested  as  catch  crop.  Its  out-turn  is  from  150  to  200  maunds  of 
green  fodder  per  acre.  All  clovers  respond  to  the  application  of 
phosphatic  fertilizers  and  leave  the  soil  fertile  for  the  succeeding 
kharif and  rabi  crops. 

Another  clover  which  has  become  very  popular  among  the 
farmers  of  the  Punjab,  Delhi,  western  Uttar  Pradesh,  Rajasthan,  etc., 
is  berseem  It  yields  over  500  maunds  in  five  to  six  cuttings.  But 
when  fertilized  with  phosphate,  the  yield  goes  up  to  1,000  maunds 
per  acre.  It  is  the  highest-yielding  clover  grown  in  India  in  one 
season.  For  dairy  farming,  the  double  cropping  consists  of  berseem- 
jovoar  in  the  rabi  and  kharif  seasons,  respectively.  In  the  drier  tracts 
where  the  farmer  is  unable  to  afford  frequent  irrigation,  he  grows 
Methra  ( Trigonella ).  This  is  usually  succeeded  by  bajra  in  the  k/iaiif 
season.  The  average  yield  is  about  175  to  200  maunds  per  acre. 
Usually,  the  farmers  take  two  cuttings  and  the  third  is  allowed  to 
seed. 

Oilseeds.  Mustard  ( sarron ),  rai  and  tarcmira  are  usually  sown 
as  mixed  crops  in  northern  India  together  with  wheat  and  barley. 
They  seldom  follow  as  single  catch  crops  after  maize  or  jcuar.  They 
need  to  be  sown  early  which  is  not  possible  after  kharif  cereals,  but 
can  follow  jowar  and  bajra  removed  as  fodder. 


VI.  DOUBLE  CROPPING  PRACTICES 


'T'HE  climatic  and  soil  conditions  vary  from  state  to  state,  so  do  the 
crops  grown  in  the  different  agro-climatic  regions.  The 
double  cropping  practices  are,  therefore,  discussed  below  statewise  in 
relation  to  the  agro-climatic  regions. 

Punjab.  The  three  agro-climatic  regions  of  the  Punjab  are  :  the 
mountainous  and  submountainous  region,  the  ceatral  region  and  the 
south-eastern  region,  in  which  various  double  cropping  practices  are 
in  vogue. 

Mountainous  and  submountainous  region.  The  principal  kharif  cereal 
of  this  region  is  maize  ;  at  the  foothills,  jowar  is  cultivated.  They 
are  usually  followed  by  peas  and  gram,  respectively.  Lentil  is 
another  crop  which  is  cultivated  after  maize.  The  winter  cereals  are 
wheat  and  barley  which  are  usually  preceded  by  fallow,  but  urid, 
moong  and  cowpeas  should  be  taken  as  catch  and  cover  crops.  A 
dressing  of  superphosphate  at  the  rate  of  30  to  40  pounds  P205  per 
acie  is  essential  to  obtain  the  normal  yield  of  the  succeeding  crops. 

Central  region.  Wheat  is  the  main  cereal  crop  which  is  raised 
after  the  summer  fallow.  Where  irrigation  is  available,  this  crop  is 
preceded  by  summer  pulses  and  fodder  crops.  It  is  desirable  to 
encourage  the  growing  of  groundnut  in  the  lighter  sections  and  cow- 
peas  and  moong  in  the  heavier  sections  to  obtain  the  advantage  of 
nitrogen-fixation  by  the  legume  crops.  A  dressing  of  40  pounds 
N+30  pounds  P2Os  for  groundnut  and  30  pound.  P205  for  moong  and 
cowpeas  is  essential  to  maintain  the  fertility  of  the  soil.  Gram  is 

usually  the  crop  that  follows  the  summer  fodder  jowar  or  maize 
for  grain. 

South-eastern  region.  Both  bajra  and  cotton  are  followed  by  aram 

V  ,a  °U '  *s  desirable  to  encourage  double  cropping  with  gram. 

n  t  le  summer  season,  urid  can  be  suitably  mixed-cropped  with  bajra 

particularly  where  the  rainfall  is  less  than  20  inches  and  the  soils  are 
light  in  texture. 

^radesh*  Agr o-climatologically,  the  State  may  be 

raTnfa  l  Theo  '  'e8i°nS-  Thdr  CroPPinS  ™'ies  ™hh  the 

An  attempt  Prlnc‘pal  crops  are  sown  mixed  ™th  pulses  or  oilseeds, 
irrigadon  ’  reg‘°nS  “  made  t0  take  crops  with 

precelt ' ^  ^  “  the 
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cowpeas  are  the  suitable  kharif  ci  ops  to  precede  wheat.  While  the 
legumes  should  receive  30  pounds  P205  per  acre,  the  wheat  should 
have  a  dressing  ol  30  pounds  N  to  obtain  the  optimum  effect  of 
double  cropping.  Under  irrigation,  Sanwak  (lesser  millet)  is  raised 
immediately  after  the  harvest  of  the  wheat  crop.  This  practice  can 
be  extended  under  irrigation  and  by  a  nitrogenous  manuring  of  both 
the  crops  at  the  rate  ol  30  pounds  N  per  acre.  Guar  and  jowar  are 
mixedcropped  and  are  followed  by  barley  as  the  late-season  crop.  A 
combined  do:e  of  -0  pounds  N-j-30  pounds  P205  increases  the  yield  by 
‘  0  to  40  per  cent. 

Central  region.  The  principal  cereal  crops  of  this  region  are 
wheat,  jowar,  rice  and  maize.  Usually,  the  land  remains  fallow 
after  the  pure  crops  have  been  raised.  Jcwar  is  often  sown  mixed 
with  arhar  which  stands  over  to  utilize  the  residual  subsoil  moisture. 
They  cannot  be  followed  up  by  any  other  crop.  Arhar  does  not 
respond  to  phosphate  application,  but  a  dressing  of  20  pounds  N  per 
acre  as  a  starter  for  the  jowar  crop  is  essential.  In  the  southern 
sections,  on  heavy  soil,  this  practice  should  be  encouraged.  Rice 
should  invariably  be  followed  by  gram  or  pe*.s.  Since  peas  yield 
more  than  gram  and  are  less  susceptible  to  wilt  infection,  they  are 
recommended.  Peas  respond  to  dressing  with  40  pounds  P2Or,  per 
acre  and  give  remunerative  return.  Besides,  peas  builds  up  soil 
fertility  for  the  succeeding  crop.  Gram  should  invariably  follow 
jowar  in  the  alluvial  section  of  this  region.  The  maize  peas  sequence 
is  more  remunerative  than  the  maize-gram  rotation.  Under  irrigation, 
both  maize  and  rice  should  be  preceded  by  berseem  fertilized  with 
phosphate  at  the  rate  of  00  pounds  P2Os  per  acre.  Experiments  at 
Nagina  have  proved  that  berseem  is  an  excellent  catch  crop  lor  late 
paddy  in  the  irrigated  tract.  By  showing  it  in  the  standin/g,  late 
paddy  crop  as  nearly  5C0  maunds  of  green  fodder  are  obtained,  and 
in  addition,  the  field  is  enriched  with  nitrogen.  Mcong  type  1  should 
precede  wheat  in  this  region  to  obtain  an  extra  out-turn  of  ten 
maunds  of  pulse  and  wheat  by  double  cropping.  Application  of 
20  pounds  P.,Os  to  woong  is  recommended  to  increase  its  yield.  In 
the  sugarcane  tracts,  where  ratooning  is  a  common  practice,  guar 
sown  for  fodder  in  the  stubble  rows  increases  ratoon  yields  in  addition 
to  giving  some  green  fodder  and  reducing  the  cost  of  intercultivation 

to  remove  weeds. 

Terai  Area.  Rice  is  the  major  crop.  It  is  invariably  followed  by 
gram.  Land  under  late  varieties  is  left  fallow,  and  can  profitably  be 
cultivated  with  peas.  This  region  is  deficient  in  phosphate.  Peas 
being  a  responsive  crop  will  materially  benefit  the  paddy  crop  in  tie 
succeeding  season.  The  rate  of  application  recommended  is  60  pounds 
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PoO-  per  acre.  The  land  for  wheat  is  invariably  fallowed.  As  the 
rainfall  received  is  sufficient  and  the  rains  begin  early,  cowpeas  can 
be  raised  for  fodder  and  grain.  When  the  rains  are  late,  moong  can 
precede  wheat.  Jowar  and  moth  followed  by  barley  is  another  good 
crop  sequence.  Maize  should  be  followed  by  peas  and  under 
irrigation  by  berseem  or  methra  which  may  be  manured  with  phos¬ 
phate  at  the  rate  of  60  and  30  pounds  P205  per  acre,  respectively. 

Bundhelkhand-Rohilkhand  region.  Wheat  and  barley  are  the 
principal  rabi  crops  and  jowar,  arhar,  rice  and  maize  the  kharif  crops. 
The  second  crops  which  can  profitably  be  introduced  are  urid  and 
moong  in  the  summer  season  on  fallow  lands  preceding  wheat  and 
jowar-}- urid  preceding  the  gram  crop.  Peas  are  very  suitable  to  follow 
rice  and  maize,  which  would  replace  gram,  particularly  when  the 
kharif  has  been  harvested  late.  In  this  region,  urid  and  moong  should 
receive  a  topdressing  of  20  pounds  P205  and  peas  40  pounds  P205 
per  acre. 

Eastern  region.  Double  cropping  without  irrigation  is  possible 
provided  the  rain  water  is  properly  conserved  during  the  monsoon 
season.  The  principal  kharif  cereal  grown  is  rice  which  is  usually 
followed  by  a  fal'ow.  Both  Lathyrus  and  gram  or  peas  can  be  grown 
satisfactorily.  This  practice  should  be  encouraged  in  all  the  rice 
tracts.  The  following  rice  crop  will  benefit  very  much  if  peas  are 
dressed  with  phosphate  at  the  rate  of  40  pounds  P205  per  acre.  The 
crops  grown  on  high  land  in  the  kharif  season  are  maize  and  jowar. 
The  crops  in  suitable  sequence  for  these  are  peas  and  gram.  Wheat, 
the  main  rabi  cereal,  should  be  preceded  by  moong  or  urid.  In  the 
Gorakhpur  tract,  moong  Type  No.  1  has  particularly  succeeded  for  an 
early  growing  of  the  first  crop  This  should  receive  phosphate  at  the 
rate  of  20  pounds  P2Os.  The  wheat  crop  should  also  be  given  a 
dressing  of  30  pounds  N. 

Bihar.  The  Ganga  divides  Bihar  into  two  sections — south  Bihar 
and  north  Bihar.  The  latter  is  contiguous  to  the  eastern  region  of 
Uttar  Pradesh.  Thus  the  agro-climatic  nature  of  this  region  is 
identical  to  that  of  the  eastern  region  of  Uttar  Pradesh.  The  soil  of 
south  Bihar  is  gararu ,  akin  to  the  black  cotton  type.  It  is  very  deep 
and  is  subject  to  drying  and  cracking.  The  clay  content  is  high. 
The  third  region  of  Bihar  is  Chota  Nagpur.  It  has  a  wetter  climate 
than  that  of  south  Bihar  and  the  soils  are  laterite  in  nature. 

North  Bihar.  The  major  kharif  crops  are  rice  and  maize.  The 
former  is  either  followed  by  a  fallow  or  by  peas.  It  is,  however, 
always  possible  to  grow  peas,  the  cultivation  of  which  should  be 
encouraged.  Peas  respond  to  an'  application  of  40  pounds  P205  per 
acre.  The  soils  are  highly  deficient  in  phosphate  and  admirably 
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respond  to  manuring  directly  with  it  or  indirectly  through  peas. 
Maize  is  either  followed  by  barley  or  peas.  In  maize,  urid  and  moong 
aie  mixed  at  sowing  and  are  removed  earlier  than  the  harvesting  of 
maize.  These  should  be  sown  in  separate  lines  and  should  be 
Respectively  fertilized  at  the  rate  of  30  pounds  N  and  20  pounds  P..O-. 
With  irrigation,  under-sowing  of  maize  with  berseem  is  very 
profitable  on  wetter  lands.  Berseem  also  follows  well  after  the  late 
paddy  crop.  It  should  receive  a  dressing  of  superphosphate  at  the 
rate  of  40  pounds  P205  per  acre. 

South  Bihar.  Paddy  is  one  of  the  main  cereals.  The  other 
kharif  ceieal  is  maize.  Both  are  followed  by  peas  wjien  irrigation  is 
available.  Otherwise,  gram  takes  its  place.  The  growing  of  these 
crops  in  succession  to  kharif  cereals  requires  encouragement.  Barley 
and  wheat  are  the  cereals  grown  after  fallow  in  the  rabi  season. 
They  may  be  preceded  by  kharif  pulses.  But  these  crops  are  not  so 
commonly  grown.  As  a  second  crop  to  a  kharif  cereal,  there  is 
no  pulse  crop  more  suitable  than  gram. 

Chhota  Nagpur.  The  whole  of  this  tract  is  best  suited  to  growing 
of  paddy  as  the  major  kharif  cereal.  Wheat  in  the  rabi  season  is 
taken  on  high  lands.  Paddy  is  followed  occasionally  by  Lathyrus. 
These  can  be  successfully  grown  when  paddy  is  fertilized  at  the  rate 
of  30  pounds  N  and  Lathyrus  at  the  rate  of  20  pounds  P205.  Liming 
at  the  rate  of  one  ton  per  acre  very  materially  encourages  the  growth 
on  these  laterite  soils. 

West  Bengal.  Agro-climatologically,  the  State  may  be  divided 
into  three  sections — Himalayan,  sub-Himalayan  and  Gangetic. 

Himalayan  section.  Potato  is  the  crop  which  is  grown  in  the 
hilly  regions.  Sometimes,  two  crops  of  potato  are  raised  on  the 
same  land.  Both  the  crops  are  heavily  manured.  In  the  winter 
season,  peas  are  grown  on  well-manured  lands  after  raising  a  potato 
crop.  Tea  is  raised  in  the  valleys  of  the  mountains  and  is  invariably 
given  fertilizer  dressings. 

Sub-Himalayan  section.  The  normal  rainfall  of  the  tract  is  about 
120  inches  of  which  86  inches  are  received  in  the  monsoon  season, 
ten  inches  during  winter  and  24  inches  in  the  summer  months. 
Paddy  is  the  main  cereal  crop.  Liming  is  very  essential  on  daur 
lands.  In  addition,  30  pounds  N  Avith  20  pounds  P2Os  evokes  a  high 
response.  In  well-drained  high  lands,  maize  is  grown  to  a  limited 
extent. 

Gangetic  plain  and  delta  section.  Three  crops  of  paddy,  i.e.,  summer, 
autumn  and  winter  crops  are  raised.  Usually,  two  crops  are  raised 
in  a  sequence  on  the  same  land.  In  lands  where  deep-water  paddies 
are  transplanted  the  second  crop  is  not  possible.  On  high  lands, 
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autumn  paddy  is  raised  and  thereafter  a  crop  of  Lathyrus  satiius  is 
taken  in  the  winter  season.  Rice  is  also  grown  in  rotation  with  jute. 
On  dry  lands,  the  winter  cereals  raised  are  wheat  and  barley  and 
Bengal  gram.  Peas  can  be  cultivated  with  facility  after  rice  on  dry 
lands.  By  proper  drainage  and  manuring  it  is  always  feasible  and 
]  orsible  to  raise  two  crops  a  year.  The  dose  of  nitrogen  recommended 
for  paddy  is  40  pounds  N  in  the  deltas  and  60  pounds  in  high  land 
areas.  Jute  should  receive  a  dressing  of  30  pounds  N  per  acre. 

Assam  (including  Manipur  and  Tripura).  In  the  lower 
valleys  of  Brahamputra  and  its  tributaries,  two  crops  of  paddy  are 
raised  in  a  sequence.  However,  where  deep-water  paddies  are 
cultivated  only  one  crop  is  possible.  These  should  be  given  a 
dressing  of  40  pounds  N  per  acre.  In  the  hilly  areas  also  one  crop  is 
grown  which  is  usually  followed  by  a  pulse.  In  the  Lushai  Hills, 
Manipur  and  Cachar,  aus  low  land  rice  is  sown  broadcast  and  is 
followed  by  transplant  rabi  rice.  Mata-kalai  and  horse  gram  are 
usually  put  in  on  well-drained  dry  lands  instead  of  aus  rice  after  the 
main  crop  of  paddy.  Potato  is  also  followed  by  pulses  in  the  rabi 
season.  Potato  is  always  heavily  manured.  Thus,  double  cropping 
is  a  general  practice  in  Assam.  Manuring  to  augment  the  yield  of 
the  second  crop  and  introduction  of  soil  conservation  practices  will 
go  a  long  way  in  inducing  the  people  to  take  up  double  cropping  on 
a  large  scale. 

Orissa.  The  two  main  sections  are  the  coastal  and  deltaic  area 
and  the  hilly  region.  The  soils  of  the  coastal  area  are  alluvial  in 
nature  and  loamy  in  texture.  The  rainfall  exceeds  80  inches.  The 

hill  region  soils  consist  of  red  laterites.  The  rainfall  varies  from  60  to 
80  inches. 


Coastal  and  delta  section.  In  the  deltas  of  the  Mahanadi  and  wet¬ 
lands,  two  crops  of  paddy  are  raised.  They  respond  to  an  application 
of  40  pounds  N  per  acre  In  high  lands,  paddy  is  followed  by  kulthi. 
In  light  soils,  bajra  is  cultivated  and  followed  by  kulthi.  The  former 
crop  should  be  top-dressed  with  20  pounds  N  and  the  latter  by  20 
pounds  P205  per  acre.  In  the  Ganjam  area,  where  ragi  is  cultivated 

.  .  follows  Mustard,  gram,  or  linseed  follow  the  early  jowar 
which  is  harvested  before  September. 

Hill  section.  The  aborigines  practise  shifting  caltivation.  Paddv 
jowar  and  kulthi  are  the  main  crops.  The  soils  are  acidic  in  reaction 
an  nee  iming.  Paddy  and  jowar  should  be  top-dressed  with  nitrogen 

ecU  .-essinfor 

Madhya  Pradesh.  The  Narbada  separates  the  wheat  region  from 
thenar-cotton  regton.  The  rice  region  is  contiguous  to  Orissa  State! 
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Tiie  plateau  region  has  shallow  soils  and  is  not  able  to  sustain  heavy 
crops.  Agro-climatologically,  the  State  is  thus  divisible  into  four 
regions. 

Aatbada  valley  tiact.  The  monsoon  rains  are  conserved  for-the 
glowing  of  wheat.  Olten,  wheat  and  gram  are  sown  mixed.  The 
pi  feeding-season  fallow  can  be  cropped  with  tnoong  and  urid  or  red 
giam  by  efficient  conservation  and  use  of  moisture  for  both  the  crops. 
Application  of  nitrogen  at  the  rate  of  20  pounds  N  to  wheat  has 
definitely  proved  remunerative  under  farmers’  conditions.  Jowar  and 
arhar  grown  in  mixture  are  less  common,  but  it  is  a  good  mixture  for 
utilizing  the  conserved  soil  moisture.  The  jowar  crop  requires  a 
top-dressing  of  40  pounds  N  per  acre. 

Chattisgarh  area.  It  is  predominantly  a  rice  tract.  Rice  should  be 
top-dressed  with  20  pounds  N  per  acre.  Rice  is  occasionally  followed 
by  kulthi  or  gram.  Maize  is  the  other  kharif  cereal  to  be  followed  by 
peas  or  kulthi.  The  latter  is  more  sure.  In  this  case,  maize  should 
have  a  dressing  of  40  pounds  N  to  obtain  the  optimum  yield. 

Tapti  valley  region.  Cotton,  jowar,  arhar  and  groundnut  are  the 
principal  crops.  Groundnut  is  sown  mixed  with  cotton,  and  jowar 
and  arhar  are  mixed  sown  crops.  The  fertilizer  doses  recommended 
for  groundnut  is  30  pounds  NT 40  pounds  P2Os.  This  also  benefits 
the  cotton  crop.  T  he  jowar T  arhar  mixture  requires  dressing  of  40 
pounds  N  per  acre.  Alternate  combinations  are  less  common. 
Double  cropping  in  this  region  is  hazardous. 

Plateau  region.  Lesser  millets  are  the  principal  crops  grown  in 
this  tract.  They  are  often  sown  in  mixture  with  red  gram  and  urid. 
Gram  is  taken  as  the  winter  crop.  On  somewhat  deeper  soils,  wheat 
is  taken  in  patches.  Double  cropping  is  risky  and  unprofitable. 

Gujarat.  There  are  three  agro-climatic  tracts  in  Gujarat.  Kutch 
and  part  of  Saurashtra  have  low  rainfall  and  saline  soils.  Noith 
Gujarat  has  deep  rich  soils.  Mixed  cropping  of  hajra  and  arhar  is 
extensively  practised  where  the  rainfall  is  adequate  and  the  soils  are 
deep.  The  South  Gujarat  soils  are  of  coastal  alluvium.  The  rainfall 
exceeds  35  inches.  Cropping  is  done  more  in  relation  to  rainfall  than 


the  soil  type. 

Kutch  and  north-west  Saurashtra.  Bajra  is  the  only  crop  giown 
during  the  monsoon  season.  Where  lands  are  loamy  in  texture,  this 
is  followed  by  gram  or  Dolichos  lablab.  But  this  rotation  is  not 
common.  Due  to  paucity  of  rains  double  cropping  is  somewhat  i  isky. 

North  Gujarat  and  south  Saurashtra.  Dajn  is  the  prmcipa  summer 
crop  which  is  grown  on  rainfall.  On  dry  lands,  it  is  usually  mixed 
with  arhar.  On  irrigated  areas,  wheat  is  the  crop  grown  in  sequence 
to  bojri  or  fallow.  Mixed  cropping  oibajn  and  arhar  is  extensively 
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practised  where  the  rainfall  is  adequate  and  the  soils  are  deep. 

Sometimes,  groundnut  precedes  wheat;  tobacco  may  also  be  followed 

by  wheat.  Bajri  is  followed  usually  by  Dolichos  lablab  or  val.  The 
area  is  very  intensively  cultivated.  Double  cropping  is  being  earnestly 
taken  up  on  irrigated  fields.  Bidi  tobacco  is  top-dressed  at  the  rate  of 
150  pounds  N  per  acre,  and  a  crop  of  jowar  for  fodder  or  bajri  for 

grain  is  raised  on  residual  fertility. 

South  Gujarat.  The  principal  kharif  crops  are  rice,  cotton,  jowar  and 
bajri.  As  winter  rains  are  not  received,  advantage  is  taken  of  subsoil 
moisture  by  mixed  corpping  arhar  with  bajri  and  cotton.  Val  and  gram 
usually  follow  rice.  Double  cropping  is  possible  on  rice  lands,  or  with 
irrigation.  Under  irrigation,  early  bajri  can  be  followed  by  wheat  by 
adequate  manuring  at  the  rate  of  JO  pounds  N  per  acre.  The  cultiva¬ 
tion  of  gram  can  be  extended  to  paddy  fields  in  normal  years.  The 
paddy  should  receive  a  dressing  of  30  pounds  N  per  acre. 

Maharashtra.  It  consists  of  four  regions— Vidarbha,  Khandeslr, 
Northern  Deccan  plateau,  Marathawada  and  Konkan.  The  soils  are 
mostly  of  the  black  cotton  type  except  in  the  Konkan  where  laterite 
soils  are  met  with.  A  rainfall  of  over  80  inches  is  recived  in  the 
Konkan,  Marathawada  has  an  average  rainfall  of  32  inches.  These  are 
received  from  the  north-east  monscon  in  November-December.  It 
decreases  as  we  move  inland  towards  Sholapur  and  Bijapur.  There 
the  rainfall  averages  22  inches  per  annum. 

Vidcrbha.  The  major  crops  are  groundnut,  cotton  and  jowar. 
Possibly  jowar  and  arhar  could  be  sown  mixed  with  advantage.  This 
will  necessitate  sowing  of  these  crops  with  the  early  rains  on  ridges 
three  to  four  inches  high.  All  the  three  crops  should  be  fertilized.  A 
mixture  of  30  pounds  N-r40  pounds  P  for  groundnut,  30  pounds  N 
for  cotton  and  40  pounds  N  for  jowai  are  the  optimum  doses 
recommended. 

Khandesh.  Cotton,  groundnut,  bajri  and  jowar  are  the  kharif  crops. 
All  these  crops  require  heavy  manuring.  Where  cotton  and  groundnut 
are  mixed  sown  a  dressing  of  40  pounds  N-|-40 pounds  P.,05  meets  the 
needs.  Bajri  and  jowar  require  a  dressing  of  30  to  40  pounds  N  per 
acre,  depending  upon  the  rainfall.  Wheat  is  raised  both  under 
irrigation  and  on  the  conserved  soil  moisture.  In  the  latter  case,  the 
land  is  kept  fallow.  In  this  tract,  groundnut,  red  gram,  tnoong  and 
urid  can  be  cultivated  on  fallow  lands  preceding  wheat  by  full 
utilization  of  the  monsoon  water.  These  will  require  a  dressing  of 
20  pounds  N  per  acre.  Similarly,  bajri  and  jowar  can  be  followed  by 
cal  in  normal  and  late  fields,  and  in  the  early  one  by  gram. 

Northern  Deccan  Plateau.  The  major  monsoon  crops  are  jowar  and 
bajn.  Sometimes,  winter  bajn  is  raised  after  the  summer  bajri  has 
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been  harvested.  Both  the  crops  require  a  top  dressing  of  nitrogen  at 
the  rate  of  20  pounds  N  per  acre.  Ragi  is  cultivated  on  small  patches. 
Groundnut,  wherever  cultivated,  is  followed  by  wheat.  Both  these 
crops  give  the  optimum  yields,  if  top-dressed  with  fertilizers.  Castor  is 
also  sown  in  conjuction  with  jowar  as  a  companion  crop.  In  doub'e 
cropping,  Bengal  gram  and  linseed,  after  early  jowar,  give  high  returns 
on  black  cotton  soil.  Linseed  should  receive  a  dressing  of  20  pounds 
N  at  the  time  of  sowing.  Dolichos  spp.  are  grown  to  a  limited  extent. 
Therefore,  double  cropping  is  practised  over  this  tract  within  the 
limitations  of  irrigation  and  manuring. 

Kankun.  Rice  is  the  major  crop  and  is  followed  by  rice  or  val  in 
dry  seasons.  A  top-dressing  of  40  pounds  N  per  acre  is  the  optimum 
dose  for  the  rice  crop.  Val  is  not  cultivated  in  the  Maval  tract  (hill 
region)  where  summer  jowar  may  generally  be  taken  on  shallow  soil 
followed  by  winter  jowar.  Unless  these  are  dressed  with  40  pounds  N 
the  yields  are  low.  Double  cropping  is  possible  with  a  heavy  manuring 
of  the  paddy  field,  or  rice  is  cropped  in  sequence  to  val. 

Andra  pradesh.  The  main  agricultural  division  of  the  State  aie 
the  coastal  Andhra  Pradesh,  Rayalaseema,  Telangana  and  the 
southern  Deccan  plateau.  The  soils  of  the  coastal  region  are  rich 
alluvial  loams  and  extremely  productive.  They  are  irrigated  from  the 
delta  canals  of  the  Godavari  and  Krishna  rivers.  In  Rayalaseema, 
the  soils  are  generally  deep  black.  It  is  a  dry  tract.  The  rainfall  is 
generally  less  than  25  inches.  The  Tungabhadra  canals  irrigate  a 
portion  of  it.  In  Telangana,  the  rainfall  is  over  30  inches.  I  he  soils 
in  general  are  red.  In  the  southern  Deccan  plateau,  27  inches  ol  rain¬ 
fall  is  received  in  the  monsoon  seasoon  and  seven  inches  in  the 
winter  season. 

Coastal  Andhra  Pradesh.  Gingili,  dry  paddy,  ragi  and  Sorghum  are 
sown  during  the  monsoon  season.  Except  the  dry  paddy,  which  is 
followed  by  horse  gram  and  pulses,  all  the  other  crops  are  followed 
usually  by  ragi  and  sometimes  by  the  second  crop  of  groundnut  which 
is  sown  in  January.  On  wet  land,  gingili,  ragi,  and  paddy  are  grown 
dry  in  the  monsoon  season.  The  main  paddy  is  succeeded  by  irrigated 
ragi,  gingili,  sweet  potatoes,  etc.  Ragi  in  the  monsoon  is  raised  as  a 
dry  land  crop.  It  is  followed  by  chillies,  onions,  sweet  potatoes,  or 
tobacco.  The  third  crop,  which  is  gingili  or  ragi ,  is  taken  from  March 
to  June.  Most  farmers  apply  40  to  160  pounds  N  to  irrigated  paddy 
and  20  to  30  pounds  N  to  dryland  paddy.  A  dose  of  20  pounds  N  is  re¬ 
commended  for  ragi,  gingili  and  Sorghum.  Chillies  and  onions  should 
receive  at  least  60  pounds  N  per  acre.  The  cigarette  tobacco  grown 
according  to  the  method  evolved  at  the  Central  Tobacco  Research 
Institute  can  take  in  60  pounds  N  by  deep  placement  and  soil  mulch- 
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in£?  preceded  by  deep  ploughing  of  the  land  in  the  summer  season. 

Rayalaseema.  During  the  monsoon,  millets  are  sown  either  with 
cotton  or  alone.  Millets  when  sown  pure  are  followed  by  Sorghum 
alone  or  in  mixture  with  gram.  All  millets  must  be  dressed  with 
nitrogen  at  the  rate  of  20  pounds  N  per  acre.  A  mixture  of  millet  and 
cotton  is  not  advisable.  Some  area  may  also  be  put  under  safflower. 
Double  cropping  (mixtures  of  pure)  is  practised  when  water  can  be 
conserved  during  the  monsoon.  This  can  be  encouraged  particularly 
if  more  manures  are  made  available  for  manuring  Sorghum,  the 
second-season  crop.  Under  heavy  manuring  at  the  rate  of  GO  pounds 
N  on  small  plots,  chillies  and  vegetable  crops  are  grown  and  are 
followed  by  wheat  and  linseed.  On  garden  lands,  ragi  is  followed  by 
chillies,  tobacco,  onions,  sweet  potatoes,  irrigated  Sorghum  and  wheat. 
This  crop  and  the  subsequent  Italian  millet  should  be  top-dressed 
with  30  pounds  N.  Maize  is  grown  to  a  small  extent.  Groundnut  is 
gaining  popularity  and  is  followed  by  wheat  or  Sorghum.  This  is 
a  useful  double  cropping  practice.  Mostly  cigarette  tobacco  is  grown 
in  this  area.  A  dressirg  of  30  pounds  N-(-40  pounds  P205  proves  very 
remunerative  for  groundnut. 

Tclangatta.  Jcivar  and  millets  are  the  principal  cereal  crops, 
followed  by  a  second  crop  in  the  early  winter  season.  Italian  millet 
is  sown  pure  and  mixed  with  cotton.  Late  Sorghum  is  sown  in  Sep¬ 
tember  to  October  between  the  lines  of  Italian  millet.  The  millets 
and  cotton  each  should  receive  dressings  of  30  pounds  N  per  acre. 
Usually,  they  are  followed  with  Bengal  gram,  sown  mixed  with  the 
the  second  crop  of  Sorghum  in  lines.  This  is  a  recommended  practice. 
Chilli  is  a  very  important  cash  crop  in  this  region,  but  no  second  crop 
is  possible  on  lands  where  chilli  is  cultivated.  This  should  receive  a 
dressing  of  60  pounds  N  in  two  instalments  -  one  at  planting  and  the 
other  half  at  earthing  after  a  ten  weeks’  growth. 

Southern  Deccan  Plateau.  Rice,  joivar,  cotton,  groundnut  and  ragi 
are  the  principal  kharif  crops.  In  the  winter  season,  pulses  and 
winter  jo  war  are  commonly  grown  on  fallow  land  after  kharif  crops. 
Wheat  is  also  cultivated  to  a  limited  extent.  Rice  in  this  tract 
is  followed  by  Dolichos  biforus  or  black  gram,  and  Bengal  gram  to  a 
limited  extent.  The  rice  crop  should  be  top-dressed  with  nitrogen  at 
the  late  of  30  pounds  N  per  acre,  joivar  is  mix-cropped  with  castor 
oi  arhar.  These  crops  should  be  manured  at  the  rate  of  30  pounds 
pet  acre.  Cotton  and  groundnut  are  sometimes  mix-cropped,  but 
usually  they  are  sown  pure.  When  mixed  sown,  they  should  receive  a 
dressing  of  40  pounds  N-f  40  pounds  P205.  In  certain  sections,  jowar 
W1  iec  gram  as  a  mixed  crop  is  followed  by  ragi.  Most  farmers 
attempt  to  follow  it  with  a  second  crop.  Very  little  area  is  left  fallow. 
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Madras.  Madras  may  be  conveniently  divided  into  three  agro- 
climatic  regions-Coastal  Madras,  Tamilnad  and  the  Nilgiris.  All 
these  sections  received  the  north-east  and  south-west  monsoons.  The 
coastal  Madras  is  irrigated  from  the  Cauvery,  Tungabhadra  and  their 
canal  system.  In  the  other  two  sections,  local  irrigation  resources  are 
utilized  to  the  maximum.  In  the  coastal  area,  the  soil  is  loamy  and 
of  alluvial  nature;  the  Nilgiri  region  consists  of  laterite  soils  and 
Tamilnad  of  typically  red  soils. 

Coastal  Madr as.  I  he  main  crops  are  rice,  groundnut,  millets, 
coconut,  banana,  gingili,  red  and  black  gram.  Paddy  is  invariably 
green-manured  and  receives  a  top-dressing  of  30  pounds  N  from 
inorganic  sources.  The  other  crops  are  not  manured.  The  dose  of 
fertilizers  recommended  for  groundnut  is  30  pounds  N  +  40  pounds  P 
under  irrigation  and  a  rainfall  of  over  30  inches.  Gingili  and  millets 
should  receive  30  pounds  N  per  acre.  In  the  deltas,  paddy  after  paddy 
is  the  general  practice,  but  paddy  is  sometimes  followed  by  ragi  or 
gingili,  and  both  the  crops  are  heavily  manured.  In  between  the  two 
crops  of  paddy,  sannhemp  is  raised  for  green  manuring  or  fibre. 

Tamilnad  tract.  On  dry  red  soils,  a  variety  of  crops  such  as 
cholam,  linseed,  red  gram,  field  beans  ( Dolichos  lablab),  castor  and 
Italian  millet  are  raised.  Any  of  these  may  be  mix-cropped  with 
cotton.  This  must  have  a  dressing  of  30  pounds  N  per  acre.  On 
wet  lands  commanded  by  irrigation,  paddy  is  the  principal  crop 
followed  by  field  beans  or  a  second  crop  of  paddy,  particularly  when 
the  first  paddy  crop  had  been  green-manured.  On  garden  lands,  two 
crops  are  the  rule.  But  an  attempt  is  also  made  to  have  three  crops 
by  manuring  with  a  heavy  dressing  of  farmyard  manure  of  penning 
sheep  and  top-dressing  with  fertilizers. 

Nilgiris.  The  plantation  crops  of  tea,  coffee  and  rubber  are 
grown  in  the  mountainous  regions,  coconut  and  arecanut  in  the  sub- 
mountainous  tracts  and  bananas  and  rice  in  the  foothills.  In  the  hills, 
two  crops  of  wheat  are  taken  in  succession.  The  other  crops  are 
potato  and  rice.  All  the  crops  receive  large  quantities  of  fertilizers 
and  manures.  On  rice  lands  in  the  valleys,  a  second  crop  of  field 
beans  is  raised.  The  paddy  is  usually  not  manured,  but  a  dressing 
of  30  pounds  N  is  recommended.  Liming  is  very  essential,  but  is  not 
practised  on  a  large  scale. 

Malabar  and  south  Kanara  tract.  The  principal  cereal  is  rice, 
which  is  rotated  with  rice.  Coconut  orchards  are  most  common  and 
extend  over  large  areas.  Pineapples,  cotton,  Dolichos  lablab  and  chillies 
are  raised.  Potato  and  groundnut  are  becoming  popular  as  hot- 
weather  crops.  Manuring  can  substantially  help  raise  production  on 
double-cropped  paddy  areas. 
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Mysore  It  has  three  broad  agro-climatic  regions- Malar  an. 
Eastern  Mysore  and  Malnad.  The  soils  of  Malaran  are  generally  red. 
Similarly,  red  soils  are  found  in  eastern  Mysore  consisting  of  the 
districts  of  Ba-  galore,  Kolar,  Mysore,  Mandya,  Tamkur  and  the 
eastern  parts  of  Shimoga,  Hassan  and  Kudur.  In  Malnad,  the  soils  are 
laterite  which  extend  to  the  western  sections  of  Shimoga,  Kudur, 
Hassan  and  the  eastern  part  of  Coorg.  The  rainfall  decreases  from 

west  to  east. 

Malaran  or  Dh~rwar  tract.  Jowar,  bajri,  groundnut  and  arhar  are 
the  principal  crops.  Gram  follows  both  on  fallow  land  and  after 
early  bajri  The  temperature  favours  the  growing  of  winter  bajri 
under  irrigation.  This  should  be  given  a  dressing  of  30  pounds  N  per 
acre.  Wheat  can  also  be  grown  under  irrigation.  Groundnut-wheat 
can  be  successfully  raised  by  full  conservation  of  the  rainfall.  Both 
these  crops  must  be  manured  at  the  rate  of  30  pounds  N-f  40  pounds 
P  and  2"  paunds  N,  respectively.  Red  and  black  gram  can  be  grown 
mixed  with  jowar  and  bajri.  The  mixed  crops  require  a  fertilizer  dose 
of  20  paunds  N-f  20  pounds  P  per  acre.  It  is  desirable  to  extend  the 
practice  of  mixed  cropping  of  jowar  and  bajri  with  arhar,  wherever  it  is 
not  in  vogue. 

Eastern  Mysore.  The  principal  dry  land  cereal  crop  is  ragi.  Ragi 
and  avare  ( Dolichos  lablab )  are  sown  mixed.  The  following  crop  is 
usually  groundnut.  The  main  season  ragi  transplanted  in  July  may 
also  be  preceded  by  jola  ( Sorghum )  or  gingili.  In  kar  ragi  tracts,  it  is 
possible  to  raise  two  crops  of  ragi,  while  in  jola- growing  tracts  ragi  is 
rotated  with  jola.  In  both  cases  manuring  is  essential,  the  recom¬ 
mended  dose  being  30  pounds  N  for  each  cereal  crop.  Jola  is  some¬ 
times  mixed  with  tagare  ( Cajanus  cajan ).  In  dry  land,  kodala  (gram)  is 
sown  after  ragi.  Rice  is  grown  in  all  the  seasons  of  the  year. 

Malnad.  In  Malnad,  rice  is  the  principal  cereal  crop.  Millets 
( navane )  are  grown  in  rotation  with  ragi  on  lighter  soils.  They  are 
often  mix-cropped  with  cotton.  Horse  gram  {Dolichos  bi floras)  is  usually 
raised  as  a  second  crop  after  jola,  save  or  sajje,  and  may  follow  rice 
also.  It  is,  however,  desirab'e  to  concentrate  on  manuring  to  augment 
the  yields  of  both  the  crops.  Under  irrigation  and  an  assured  rainfall, 
30  pounds  for  each  of  the  cereal  crops  is  the  optimum  requirement. 
Liming  is  very  essential  to  increase  production.  One  ton  per  acre  is 
the  dose  recommended. 

Kerala.  The  two  distinct  sections  are  the  coastal  region  and  the 
hilly  region.  The  hilly  region  is  the  extension  of  the  Nilgiris  joined  on 
the  Western  Ghats.  The  rainfall  is  received  in  both  the  seasons  but 
the  major  portion  of  it  is  received  from  the  south-west  monsoon  from 
June  to  September. 
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Coastal  Region.  Rice  is  the  principal  crop.  Normally,  two  crops 
of  rice  are  raised.  The  monsoon  season  crop  is  seldom  manured  for 
lear  of  loss  of  plant  food.  The  second  season  crop  is  invariably 
manured.  Both  the  crops  should  be  top-dressed  with  nitrogen  at  the 
rate  of  40  pounds  N.  Tapioca,  coconut,  cashewnuts  and  plantains  are 
the  other  plantation  crops.  They  are  heavily  manured  with  N.P.K. 
(balanced  manuring). 

Hilly  region.  Generally,  rubber,  coffee,  arecanut,  black  pepper, 
cashewnuts  and  tapioca  are  grown  as  plantation  crops.  Rice  is 
cultivated  wherever  a  nine  to  12  inch  deep  soil  is  available  in  level  or 
terraced  fields.  Most  of  these  crops  are  well-manured. 


VII.  IRRIGATION 

Rabi  Crops.  The  north-east  monsoon  mostly  brings  rains  to  the 
states  aligned  to  the  east  coast  of  India,  i.e.,  Assam,  some  paits  of 
Bihar,  Orissa,  Maharashtra,  Andhra  Pradesh,  Madras,  Mysore  and 
Kerala.  In  all  these  areas,  it  is  not  essential  to  provide  irrigation.  In 
other  parts,  crops  can  only  be  grown  with  moisture  conserved  fiom  the 
later  ains  in  October,  or  with  irrigation.  On  the  basis  of  a\ ailabihtx 
of  water  the  cultivation  my  be  : 

(a)  dry  land  cultivation, 

(b)  irrigated  (by  flow  irrigation)  or  wet  land  cultivation,  and 

(c)  well  irrigation  or  garden  land  cultivation. 

In  less  retentive  light  soils,  gram  and  oilseeds  predominate  which 
are  also  mixed  with  wheat  and  barley.  On  moisture-retentive  loam 
soils,  wheat,  barley  and  peas  are  the  predominant  crops.  Peas  and 
Lathyrus  usually  follow  paddy.  Where  manure  is  available,  the  early 
rice  crop  is  also  followed  by  wheat  particularly  in  West  Bengal,  Bihar 
and  eastern  Uttar  Pradesh. 

In  southern  India,  Dolichos  biJJorus,  gram,  the  second  crop  of  bajri, 
gingili,  wheat,  the  second  crop  of  ragi,  Dolichos  lablab,  castor  and  arhar 
are  grown  in  succession  on  dry  lands.  A  second  crop  of  rice  is  mostly 
raised  in  West  Bengal,  coastal  Orissa,  coastal  Andhra  Pradesh,  Temil- 
nad,  Malabar,  Kerala  and  Konkan.  Unless  manuring  is  done,  this 
crop  is  not  successful. 

In  the  well-irrigated  or  garden  lands  of  southern  India,  the 
advantage  of  equable  temperatures  is  taken  to  raise  three  crops.  These 
lands  are  heavily  manured  crop  after  crop.  Where  rice  is  cultivated, 
the  growing  of  a  green  manure  or  incorporation  of  leguminous 
vegetable  matter  is  the  general  practice  to  raise  a  good  harvest  of  the 
second  and  third  crops  of  paddy. 

In  central  India,  wheat  is  grown  south  of  the  Narbada  on 
heavy  lands  where  the  monsoon  moisture  is  well  conserved.  Appli¬ 
cation  of  nitrogen  and  irrigation  raise  the  yield  very  appreciably.  In 
the  irrigated  areas  of  central  and  western  Uttar  Pradesh,  the  Punjab 
and  Rajasthan,  wheat  is  the  principal  rabi  crop.  Gram  or  peas  are 
sown  as  a  second  crop  on  residual  moisture  on  lighter  and  heavier 
lands,  respectively.  Gram  usually  does  not  require  irrigation,  but  peas 
need  one  irrigation  on  a  light  loam  and  two  on  heavy  soils.  Berseem, 
senji,  tobacco,  sugarcane,  toria  or  sarson  and  cotton  are  the  other 
crops  which  require  irrigation  in  the  rabi  season;  of  these,  the  highest 
requirements  are  for  berseem  and  the  least  for  senji  and  oilseeds.  The 
latter  two  do  not  compete  with  wheat  for  water. 


24 


Irrigation  for  Kharif  Crops.  The  Zaid  kharif  crops  of  sugarcane, 
fodder  crops  ofjowar,  cowpeas,  maize  and  cotton  in  northern  India 
require  irrigation  during  the  summer  months.  The  main  monsoon 
season  crops  do  need  supplemental  irrigation  when  conditions  of 
extreme  drought  prevail.  Then  one  or  two  irrigations  enable  the 
crops  to  mature  normally.  In  the  post-monsoon  season,  sugarcane 
and  paddy  are  the  two  crops  which  need  irrigation  at  very  long 
intervals. 


VIII.  manuring  for  double  cropping 

TV  T OR M ALLY,  a  cereal  crop  removes  50  pounds  of  nitrogen 
IN  so  pounds  of  phosphate  and  60  pounds  of  potash  from  an  acre  of 
soil  Most  Indian  soils  do  not  receive  back  these  quantities  of  the 
nutrients  year  after  year.  At  an  estimate  of  40  per  cent  return  of 
farmyard  manure  and  garbage  to  the  land,  about  ten  pounds  of 
nitrogen,  eight  pounds  of  phosphate  and  2*  pounds  of  potash  are 
returned  to  the  soil.  Thus,  nature  has  to  make  good  a  heavy 
deficit  for  meeting  the  normal  requirements  of  one  creal  crop, 
what  to  say  of  the  second  crop.  The  farmer,  therefore,  adopts 
the  line  of  least  resistance  and  follows  the  cereal  with  a  legume 
crop  which  practically  does  not  require  any  nitrogen  and  has  the 
ability  to  make  available  a  part  of  the  phosphate  and  potash  require¬ 
ments  for  its  own  normal  growth.  In  the  alternative,  he  keeps  the 
land  fallow  to  allow  it  to  recoup  in  the  meanwhile  by  bacterial 
activity  in  the  soil. 

In  a  country  where  chronic  food  shortage  presses  hard,  the 
production  cannot  be  relegated  to  subsistence  farming  and  the  device 
of  manuring  must  be  brought  into  full  play  to  have  two  successful 
crops  year  after  year.  Specific  recommendations  for  the  various  crops 
grown  in  specific  areas  of  the  country  have  been  given.  But,  as  a 
general  rule,  while  on  dry  lands,  where  a  legume  follows  a  cereal  in 
the  winter  season,  the  emphasis  may  be  less  on  manuring,  it  has  to  be 
strongly  urged  that  on  irrigated  lands  it  should  be  practised  without 
fail.  Recently,  surveys  of  yields  have  been  conducted  in  different 
states.  A  very  high  interaction  between  manuring  and  irrigation  has 
been  brought  to  light.  In  the  case  of  paddy,  irrigation  alone  contri¬ 
buted  100  per  cent,  manuring  alone  22  per  cent,  but  manuring  and 
irrigation  together  159  per  cent  towards  enhancing  the  yield  of  the 
paddy  crop.  Similar  results  have  been  obtained  with  wheat  in 
northern  India,  and  bajri  and  jowar  in  their  respective  tracts. 

Experiments  have  been  in  progress  at  the  Indian  Agricultural 
Research  Institute,  New  Delhi,  which  show  the  value  of  manuring 
the  second  cereal  or  legume  crop  in  the  rotation.  The  results  are 
given  in  Table  VIII. 

It  is  evident  that  by  manuring,  the  yield  of  the  1947-48  corp  was 
kept  up  higher  than  that  of  control  in  both  the  rotations.  It  was, 
however,  very  much  better  when  peas  instead  of  wheat  were  taken  in 
the  year  1947-48. 

In  another  experiment,  berseem  was  raised  for  three  years  and 


Table  VIII.  Yield  of  wheat  in  pounds  per  acre 


Treatments 

Pure  cereal 
cropping 

Cereal-legume  in 
alt;rnate  years 

Wheat 

1946-47 

Maize 

1911-49 

Wheat- Maize 

1945-47 

Peas- 

Maize 

1948-49 

Control  ‘ 

1,563 

1,015 

1,745 

1,607 

60  lb.  N  (A/S) +  100  lb.  P,Oa  + 

80  lb.K20 

1,519 

1,161 

1,447 

2,228 

60  lb.  N  (F.Y.MO  +  100  lb.  P.,05 
+80  lb.  K20 

1,761 

1,209 

1,742 

1,786 

60  lb.  N  (Castor  cake)  +  100  1b. 
P2O5  +  8O  lb.  k2o 

1,575 

98!* 

1,502 

2,164 

*Poor  crop  due  to  white  ant  attack 

Subsequently  wheat  was  raised  on  fertilized  and  non -fertil  ized  plots. 
The  yields  of  wheat  followed  by  cowpeas  or  guar  and  fallow  are 
given  in  Table  IX. 


Table  IX.  Yield  of  wheat  in  maunds  per  acre  afi'er  three-yfar  berseem 
crop  (high  dose  phosphate  series) 


Treatments  applied 

1943-44 

1944-45 

1945-16 

1946-47 

to  berseem  crop  suc¬ 
cessively  for  three 

years 

After 

cow- 

peas 

After 

fallow 

After 

cow- 

peas 

After 

fallow 

After 

cow- 

peas 

After 

fallow 

After 

guar 

After 
fallo  v 

F.Y.M.  at  40  lb.  N+28 
lb.  P2O5+6O  lb.  KzO 

16.7 

20.2 

15.8 

21.2 

17.3 

27.1 

11.5 

18.3 

F.Y.M.  at  40  lb.  N  +  56 
lb.  P2O5+ 120  lb.  K20 

20.9 

27.0 

18.1 

32.6 

19.4 

37.4 

7.8 

19.6 

F.Y.M.  at  120  lb.  N  + 

84  lb.  P0O5  +  I8O  lb. 

k2o 

22.3 

27.5 

23.8 

31.0 

20.3 

28.2 

11.2 

20  9 

A'S,  Super  and  K/S  80 
lb.  N  +  56  lb.  P205+ 
120  lb.  K20 

23.1 

26.6 

20.1 

29.9 

22.2 

33.3 

8.9 

18.9 

Rape  cake  at  80  lb.  N  + 

32  lb.  P2O5+I6  lb. 

k2o 

16.1 

28.6 

15.0 

28.0 

16.1 

27.5 

8.4 

20.7 

A;S  80  lb.  N 

15.2 

21.0 

16.7 

23.9 

20.4 

21.7 

10.3 

19.7 

Super  at  132  lb.  P2Os 

24.2 

38.0 

27.3 

35-1 

21.9 

29.7 

11.5 

21.6 
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Tabre  IX. 

(Continued) 

_ . 

Treatments  applied 
to  berseem  crop  suc¬ 
cessively  f°r  three 

years 

1943-44 

1944-45 

1945-46 

1946-47 

After 

cow- 

After 

fallow 

After  After 
cow-  fallow 

After 

COW- 

After 

fallow 

After 

guar 

A»fter 

fallow 

peas 

peas 

peas 

Super  at  198  lb.  P2O5 

26.2 

29.9 

32.6 

35.2 

27-3 

30.8 

12.6 

21.7 

Super  at  264  lb.  P2O5 

SuDer  at  132  lb.  P2O5T 

25.5 

29.7 

36.1 

37.9 

27.9 

31.7 

12.0 

20.6 

F.Y.M.  80  lb.  N+56 
lb.  P2O5+ 120  lb. 

k2o 

26.4 

25.5 

32.9 

38.5 

24.9 

35.0 

17.7 

24.3 

c.  A.  on  the  basis  of  30 

lb.  N+56  lb.  P2O5  + 
120  lb.  K20 

23.9 

31.3 

27.1 

33.8 

20.6 

33.6 

10.4 

21.8 

No  manure 

14.9 

24.0 

14.7 

25.5 

16.6 

23.9 

7.5 

16.8 

The  above  results  show  very  clearly  the  effect  of  manuring  on  the 
subsequent  yield  of  wheat  whether  it  is  intervened  by  fallow  or  by 
cowpeas  which  was  unmanured.  The  residual  response  was  more 
pronounced  when  higher  doses  were  applied  to  the  beiseem  ciop. 

In  another  experiment  where  manuring  had  been  done  to  berseem 
crop  which  had  been  followed  by  maize  and  wheat,  the  fields  of 
wheat  were  as  shown  in  Table  X. 

Table  X.  Re  sidual  effect  of  manuring  berseem  on  wheat  with 

INTERVENING  MAIZE 


Sub  plot 
treatment 


Main  plot  treatmenls-maund/acre 


</> 

o  o 

X.  00 

acu 

O  _L 

£4 

S_ 


UJ  <3 

C 

a£ 

O  I 

e  T 

<:z 


£  o 
§£ 
+:+ 


VO 


CO  + 
+  00 
CO  2 
<2 


CD  O 
Q  OO 

a  a, 

U'J 


^  a 


o 

i- 


c 

o 


u 


'F' 

test 


C.D.  at  5 
per  cent 
for  main 
plots 


nil 

14.0 

11.0 

12.7 

14.2 

12.3 

13.6 

6.9 

Signi¬ 

40  lb.  KzO 

13.4 

11.6 

12.0 

10.5 

13.9 

10.9 

7.9 

ficant 

for 

801b.  K20 

16.4 

11.6 

12.6 

14.8 

12.3 

11.6 

7.1 

main 

plots 

Average 

14.6 

11.4 

12.4 

13.2 

12.8 

12.0 

7.3 

only 

Besides  benefiting  the  maize  crop,  the  manures  applied  to  berseem 
Urn fited  the  wheat  crop  also.  The  yields  of  maize  had  been  recorded 
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in  ict ms  c.f  fodder  and  not  in  terms  of  grain.  These  result  have  hcen 
repeated  in  the  second  and  third  cycles  also.  By  manuring  with  super¬ 
phosphate  at  the  rate  of  80  to  160  pounds  P205  per  acre,  the  yields  of 
wheat  were  enhanced  from  four  to  seven  maunds  per  acre. 

Permanent  manorial  experiments  have  been  in  progress  at  Pusa. 
Some  of  the  relevant  data  are  presented  in  Table  XI. 


I  able  XF.  Gross  yield  of  rotation  oats-maize-at liar- maize,  in  maunds  fer  acre 


Manuring  to  all  cereals 

I  period 
1908  to 

1912-13  (5 
years) 

II  period 
.913-14  to 
1929-30  (17 

years) 

Toial  yield 
from  1908 
to  19 

Increase  or 
decrease  over 
control 

No  manure 

87 

—236 

323 

F.Y.M  at  10  lb.  N 

7.5  lb.  Pa05 

10  lb.  k2o 

110 

308 

418 

4-  95 

F.Y.M.  at  20  lb.  N 

15  ib.  P20, 

20  lb.  KaO 

H8 

356 

474 

+  15! 

F.Y.M.  at  30  lb.  N 

22.5  lb.  P205 

30  lb.  K20 

116 

372 

488 

+  165 

Rape  cake  at  20  lb.  N 
+  15  1b.  P2Os 

Super  15  lb.  P205 
+  20  lb.  K,0 

K/3 

118 

290 

40S 

+  85 

A/S  at  20  lb.  N 

88 

218 

306 

—  17 

K/S  at  20  lb.  K20 

77 

192 

269 

—  54 

Super  at  15  lb.  P2O5 

116 

292 

408 

+  85 

K/S  +  Super  at  20  lb.  KaO 
and  15  lb.  P0O5 

120 

290 

410 

+  87 

A'S+K/5 — Super  at 

20  lb.  N 

15  Ib.  P205 

20  lb.  K20 

134 

342 

476 

+  153 

The  above  results  indicate  that  by  continuous  manuring  with 
farmyard  manure  or  complete  fertilizer,  the  yields  of  crops  can  be 

maintained  without  giving  any  rest  to  the  soil. 

The  results  of  permanent  manurial  experiments  at  Coimbatore  foi 
the  ragi  crop  No.  22  at  the  Central  Farm  in  1938,  are  given  m 

Table  XII.  .  .  .  ,  ,  f 

These  figures  show  that  balanced  manuring  gave  high  yields  oi 

ragi  which  was  the  22nd  crop  in  the  series.  The  yields  have  been 
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Table  XII.  Yield  of  Ragi  in  pounds  per  acre 


Treatment 

Eastern 

series 

Western  series 

Grain 

Straw 

i 

Grain 

Straw 

No  manure 

51 

511 

740 

2,397 

Nitrogen 

434 

1,836 

1,123 

3,903 

N  + Potash 

969 

3,980 

1,327 

4.693 

N  + Phosphoric  acid 

1,760 

8,236 

2,219 

8,493 

N+K+P— 

2,219 

7,143 

2,194 

8,520 

K+P 

2,219 

5,765 

1,683 

6,886 

K 

612 

1,887 

2,305 

5,026 

P 

1,786 

5,740 

1,964 

7,729 

Cattle  manure 

1,939 

6,556 

2,397 

9,080 

Cattle  manure  residual 

740 

2,295 

1,556 

5,356 

kept  up  in  both  the  series  by  proper  manuring. 

The  results  of  the  various  experiments  given  above  are  sufficient 
to  indicate  the  importance  of  manuring  in  double  cropping.  The 
evidence  so  far  available  goes  to  show  that  except  in  very  highly  phos¬ 
phate  and  potash  deficient  soils,  the  cereal  crops  exhibit  quite  a 
remunerative  response  to  the  application  of  nitrogen  and  the  legumes 
to  the  application  of  phosphate.  It  has  been  estimated  that  the  net 
response  to  every  pound  of  nitrogen  on  the  average  is  12  pounds  of 
grain  in  a  cereal  crop.  For  loam  and  heavy  soils,  the  organic  matter 
requirements  are  less  than  for  light  soils;  here,  green  manuring  should 
be  resorted  to  for  obtaining  high  yields. 


SUMMARY 

DOUBLE  cropping  as  a  means  to  increase  food  production  offers  a 
wide  scope  for  its  adoption  in  India  where  one-season  cropping  is 
the  general  rule.  But  the  subsidiary  crops  should  be  such  as 
are  able  to  maintain  the  soil  in  condition.  In  northern  India  and  a 
major  portion  of  the  southern  plateau,  the  main  crop  season  is  the 
south-west  monsoon  period  extending  from  June  to  September.  In 
the  coastal  regions  of  Orissa,  Madras,  Andhra  Pradesh,  R.erala  and 
the  plateau,  the  hilly  tract  of  Mysore  and  Maharashtra,  the  second 
season  cropping  is  made  possible  by  the  prevalence  of  equable  tem¬ 
peratures  and  the  occurrence  of  the  north-east  monsoon. 

In  northern  India,  when  the  monsoon  crop  is  not  taken  the  rabi 
crop  is  raised  on  land  kept  fallow  for  the  purpose.  The  principal  cereal 
crops  thus  raised  are  rice,  millets,  Sorghums,  maize  in  the  kharif  and 
wheat  and  barley  in  the  rabi  season.  Pulses  are  mix-cropped  with 
these  cereals  in  kharif  as  well  as  rabi.  The  pulses  usually  mix-cropped 
are  arhar  ( Cajanus  cajan ),  Bengal  gram,  black  gram,  green  gram, 
Dolichos  lablab,  Dolichos  bif torus,  peas  and  cowpeas,  etc.  When  sown  pure 
in  summer,  on  monsoon  rains,  they  serve  as  catch  and  cover  crops. 
They  enrich  the  soil  with  nitrogen  and  make  available  to  some  extent 
fixed  phosphate  and  potash.  When  manured,  for  every  pound  of 

phosphate  taken  up  by  the  crop  three  pounds  of  nitrogen  are  fixed  m 

the  soil,  of  which  the  major  part  is  utilized  for  seed  production.  In 
this  class  may  also  be  included  the  oilseed  crop  of  groundnut  which  is 
extensively  cultivated  in  most  parts  of  the  southern  peninsula  and 
some  localities  in  northern  India.  Some  of  the  important  double  crop¬ 
ping  systems  followed  in  different  parts  of  India  are  mentioned  below. 

°  Rice  after  rice.  This  is  practised  i.r  Assam,  West  Bengal,  Orissa 
coastal  Andhra  Predesh,  coastal  Madras,  Tamrlnad,  Mysore, 
southern  Deccan  plateau,  the  Konkan  and  the  Malabar-^  south 
Kanara  tract.  The  second  crop  sometimes  requires  protective  irriga¬ 
tion  but  must  be  manured  to  obtain  good  yields.  . 

Ragi  after  ragi.  This  sequence  of  double  cropping  is  followed 
TVTvsnre  and  some  parts  of  Tamilnad. 

Rice-vulses  In  Bengal  and  parts  of  Bihar  and  Orissa,  at  nuts  is 

raised  “ft  b  rice.  In  the  drier  parts  of  Uttar  Pradesh  and  eastern 
[,Zhvn  Pradesh  peas  or  gram  follow  rice.  In  Orissa,  most  parts  of 
Andhra  Pradesh,  Madras,  Mysore  and  the  southern  Deccan  plateau, 
Dolic'os  biflorus  or  Dolichos  lablab  and  balck  gtam  o  °w  1 1  . 

G  La.  he  coastal  alluvial  tract  of  Maharashtra,  parts  of  Khandesh 
and The  noth  Deccan  plateau,  a  crop  of  gram  is  usually  taken  after 


,  In  northern  India,  berseem  under  irrigation  is  rotated  with 
paddy  and  it  enriches  the  land  for  the  subsequent  crops  when  it  is 
given  a  dressing  of  phosphate, 

Bajri  after  bajri.  Winter  bajri  is  taken  in  southern^  India  only 
under  irrigation,  or  where  winter  rains  are  sufficient  to  raise  the  crop. 

On  black  clay  soils  of  the  Deccan  plateau  in  Maharashtra  it  is  com¬ 
mon  to  raise  two  crops  of  bajri.  Both  crops  requiie  manuring. 

Bajri  'pulses.  In  northern  India,  gram  is  the  common  pulse  alter 
bajri.  In  Madhya  Pradesh,  and  the  dry  sections  of  Gujarat,  gram 
usually  follows  bajri.  In  southern  India,  val  and  red  gram  follow 
bajri.  In  some  parts,  £tfjn'-linseed  is  the  sequence  but  it  is  not  so 
common.  The  rabi  season  crop  is  sown  with  late  rains  and  matures 
either  with  irrigation  or  with  more  then  three  inches  of  winter  rains. 

Bajri-ze/?etf/.  In  Gujarat,  Khandesh  and  the  Deccan  plateau 
where  irrigation  facilities  are  available,  wheat  is  raised  after 
irrigation.  The  crop  matures  with  one  or  two  irrigations.  It  is  not 
a  common  practice  in  northern  India  except  in  eastern  Rajasthan  and 
some  parts  of  Madhya  Bharat  and  Vindhya  Pradesh.  In  Saurashtra 
and  Kutch,  bajri  is  followed  by  wheat  to  a  limited  extent  wherever 
late  rains  are  received  and  can  be  conserved  for  the  rabi  crop. 

Sorghum-/wffi?s  This  is  a  very  common  system  of  double  cropping 
all  over  India.  In  northern  India,  Sorghum  is  usually  raised  for 
fodder  and  is  followed  by  gram.  In  southern  India,  it  is  sow’n  after 
grain  Sorghum.  Besides  gram,  other  pulses  sown  in  rabi  are  Dolichos 
bilforus,  Dolichos  Inblab,  red  gram  and  black  gram. 

MzV/e/j'-Sorghum.  Millets  usually  follow  Sorghum,  or  vice  versa  in 
Tamilnad  and  coastal  Andhra  Pradesh,  Mysore  and  the  southern 
Deccan  plateau.  Usually,  this  rotation  is  followed  when  sufficient 
manures  for  application  is  available  with  the  cultivator,  or  he  can 
topdress  it  with  fertilizers.  Otherwise,  he  resorts  to  green  manuring 
in  the  interval  between  the  two  crops.  This  practice  is,  therefore, 
not  common. 

Wheat-maize.  In  the  submountainous  and  mountainous  tracts  of 
northern  India  where  rains  start  early  in  June  double  cropping  is 
practised.  Under  irrigation,  it  is  practised  on  intensively  cultivated 
areas  where  maize  is  dressed  with  heavy  doses  of  farmyard  manure. 
With  the  use  of  nitrogenous  fertilizers  this  is  becoming  still  more 
common. 

Maize- pulses  or  clovers.  Maize  is  usually  followed  by  peas,  as  a 
delayed  sowing  of  this  crop  is  possible  compared  to  gram.  In  the 
hilly  tracts,  broad  beans  are  also  raised.  Under  irrigation,  it  is  usual 
to  raise  a  clover  crop  such  as  senji  ( Melilotus  parviflora),  berseem 
(T.  alexandrinum )  or  urethra  ( Trigonella  sp.). 
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.  Groundnut-wheat  or  barley.  In  northern  India,  in  localized  tracts 
in  the  Deccan  plateau,  Vidarbha  and  Khandesh  it  is  common  to  have 
tins  double  cropping.  In  Rayalaseema,  Tamilnad  and  Mysore,  it  is 
practised  to  a  limited  extent. 

(’>oundnut-vagi  and  other  millets.  It  is  a  very  profitable  practice 
Q\J°Uowed  in  Rayalaseema,  Tamilnad,  the  southern  Deccan  plateau 
\^and  Mysore  State  where  both  the  south-west  and  north-east  monsoons 
bring  in  rains. 


Gingili-vagi  or  Sorghum.  In  the  wetter  areas  of  coastal  Andhra 
Pradesh,  coastal  Madras  and  Tamilnad  it  is  common  to  have  such 
double  cropping. 

Cholam-/mse£<f.  This  is  usually  followed  on  garden  lands  in 
Tamilnad  and  some  parts  of  Madhya  Pradesh. 

Besides  these  major  double  cropping  practices,  there  are  several 


small  variations  of  these  which  are  followed  in  conjunction  with 
other  crops  such  as  tobacco,  potato,  cotton,  sweet  potatoes,  chillies, 
vegetable  crops,  oilseeds,  etc. 

Double  cropping  is  successful  usually  with  irrigation  or  by 
adopting  rain  conservation  practices.  Manuring  is  essential.  Tillage 
of  the  land  is  important,  but  the  other  two  are  more  essential.  Early 
and  late  varieties  have  been  introduced  by  the  Departments  of 
Agriculture  in  almost  all  the  states,  and  this  makes  it  possible  to 
raise  two  crops  where  one  grew  before. 
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This  illustrated  review  of  progress  will  enable  you 
to  keep  in  touch  with  research  and  development  of 
tin;  it  is  issued  free  by  the  Institute.  If  you  would 
like  to  be  on  the  mailing  list  for  Tin  and  its  Uses  please 
send  a  postcard  to  one  of  the  addresses  below. 


Headquarters  and  Laboratories: 
Great  Britain 
Tin  Research  Institute, 
Fraser  Road,  Greenford, 
Middlesex, 

England. 


Technical  Representation  in: 

United  States  of  America 

Battelle  Memorial  Institute, 
505  King  Avenue, 
Columbus, 

Ohio. 
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